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The compressor industry faces a difficult design environment for achieving performance improvement, reduced cost, 
and lower environmental footprint.  In order to address some of these challenges, thermoplastics can be considered 
as a replacement for metal in some compressor parts.  Thermoplastics have been found to be suitable for steel 
replacement in structural parts for automotive and brass replacement in water-handling applications such as meters. 
As such, we believe certain high-performance engineering thermoplastics might be suitable candidates for metal 
replacement in various compressor parts.  Herein, several commercial thermoplastic resins were tested for chemical 
compatibility to common compressor lubricants and two standard refrigerants.  Chemical compatibility tests were 
completed under conditions comparable to those observed within compressors, inclusive of high temperature, high 
pressure, extended exposure time, and combinations thereof.  Of the thermoplastics tested, unfilled polyetherimide 
resin was found to outperform competitive resins in terms of resistance to chemical attack by polyolester lubricants 
and R-134A and R-410A refrigerants.  The protocol included visual inspection for color shift as well as the 
measurement of tensile strength retention for exposed parts.  Gas chromatography mass spectrometry was also 
utilized to determine if low molecular weight species leached out of the polyetherimide resin during exposure to 
polyolester oils.  No species were detectable with molecular weight under 1000 g/mol.  Chemical resistance 





High performance engineering thermoplastics have been found to be suitable for replacing metal in applications in  
industries as varied as automotive, electrical, lighting, aerospace, fluid engineering, etc. In the automotive industry, 
for example, thermoplastics are used in exterior parts like body panels, fenders, bumpers, interior parts and 
components of the power train as well as under the hood components like air intake manifolds, radiator end tanks, 
fuel rails and others (Marks, M., Kung, E., 2008). Thermoplastics with extremely low flame, smoke and toxicity 
characteristics in combination with outstanding mechanical properties are replacing metals in aerospace applications 
like personal service units, window reveals, threshold trims and seat track covers providing opportunities for fuel 
efficiency via light-weighting (Sybert et al., 2010). Advantages of replacing metal with plastics include weight 
reduction, design and styling freedom, reduction in maintenance costs, better chemical and wear resistance, better 
electrical properties, etc.  
 
In compressors, replacement of metal with high performance thermoplastics can provide improved efficiency, 
reduction in noise and vibration, weight reduction and improved part functionality through opportunities for part 
consolidation. Plastic components are suitable for high volume manufacturing processes which can further reduce 
cost. Some parts like suction mufflers, connectors, electrical housings are currently made of polybutylene 
terephthalate resins and valve component are made of polyether ether ketone resins (Tuymer, W.J., Machu, E. H., 
2001). However as internal structural components or parts of the housing of a compressor are viewed as candidates 
for metal replacement, it is necessary to evaluate performance of thermoplastics when exposed for extended periods 
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of time to temperatures, pressures and chemicals (refrigerants and lubricants) present in a compressor. This paper 
looks at high temperature thermoplastics that would be potential candidates and compares and contrasts their 
chemical resistance to the parameters mentioned above. A broad range of techniques including mechanical 




2. HIGH PERFORMANCE MATERIAL SELECTION 
 
Figure 1 shows the division of commonly used thermoplastics into various categories based on polymer structure 
and performance characteristics. Commodity and engineering plastics are most familiar to the average person since 
they are used in the bulk of consumer applications that typically require relatively low strength and stiffness, 
performance over a small range of temperatures and do not see aggressive service environments. On the other hand, 
high temperature thermoplastics are used in specialized, demanding environments due to their unique properties 
including elevated thermal resistance, high strength and stiffness comparable to metals, broad chemical and wear 
resistance and superior electrical and flame resistant properties. Fillers like glass, carbon and mica can be used to 
further enhance strength and stiffness. Amorphous resins typically show isotropic dimensional stability, lower 























Figure 1. Plastics performance pyramid. 
 
Based on the anticipated requirements for plastics subjected to temperatures, pressures and chemicals typical of a 
compressor environment, the following combination of amorphous and semi-crystalline resins were identified as 
candidates for testing: 
(a) Polyetherimides (PEI) 
Amorphous resin offering high-temperature resistance, strength and stiffness, practical toughness, thermal 
stability and broad chemical resistance.  
a. Polyetherimide 1 (henceforth referred to as PEI1) resin – enhanced flow grade providing balance 
of mechanical properties and processability  
b. Polyetherimide 2 (henceforth referred to as PEI2) resin – polyetherimide with enhanced chemical 
resistance to strong acids, bases, aromatics, and ketones 
c. Polyetherimide 3 (henceforth referred to as PEI3) resin – proprietary polyetherimide blend with 
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(b) Polyetherimide 4 (henceforth referred to as PEI4) resin – proprietary experimental high heat polyetherimide 
blend with semi-crystalline nature 
 
(c) High-performance polyamide 4,6 (henceforth referred to as PA4,6) 
Semi-crystalline resin offering superior heat resistance, design stiffness, excellent resistance to wear, low 
friction and good abrasion resistance for moving parts  
 
(d) High temperature Polyphthalamide (henceforth referred to as PPA) 
Semi-crystalline resin offering excellent mechanical properties including fatigue and creep resistance when 




The six grades selected for the experiments were injection molded into Type V, ASTM tensile bars using molding 
conditions specified in datasheets. Typical molding conditions for polyetherimide resins are shown as an illustrative 
example in Table 1. These samples were tested on an Instron tensile testing machine at 0.2inch/min displacement 
rate as per ASTM D638 standard testing protocol. Initial tensile measurements were conducted on as-molded test 
bars aged in a 50% relative humidity ambient atmosphere for one week.  
 
Table 1. Typical molding conditions for polyetherimide resins 
 
Parameter Value Unit 
Drying temperature 150 
o
C 
Drying time 4-6 Hrs 
Max. moisture content 0.02 % 
Melt temperature 350-400 
o
C 
Nozzle temperatures 345-400 
o
C 
Front – Zone 3 temperature 345-400 
o
C 
Middle – Zone 2 temperature 340-400 
o
C 
Rear – Zone 1 temperature 330-400 
o
C 
Mold temperature 135-165 
o
C 
Back pressure 0.3-0.7 MPa 
Screw speed 40-70 rpm 
Shot to cylinder size 40-60 % 
 
 
3.1 Chemical Exposure Protocols 
Two refrigerants (R-134A and R-410A) and two lubricants (10cST and 32cST POE oils) were chosen for the 
experiments.  
 Refrigerant Immersion Analyses 
Tensile specimens were aged in liquids R-410A and R-134A in stainless steel reaction cylinders at 60
o
C for 
30 days. Care was taken to ensure that the test bars were fully submerged in the gage area. 
 Nitrogen Immersion Temperature Aging 





C for 30 days. 
 Lubricant Immersion Analyses 
Ten tensile specimens of each plastic were aged in 10cSt and in 32cSt lubricant in stainless steel reaction 




C for 30 days. 
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 Refrigerant/Lubricant Immersion Analyses 
Ten tensile specimens of each plastic were aged in lubricant and refrigerant mixtures in stainless steel 




C. 10cSt lubricant was held under pressure with R-410A at both 
temperatures at 300psi and 32cSt lubricant was under pressure with R-134A at 127
o
C at 300psi. 
 
3.2 Determination of low molecular weight species 
Samples of lubricant were analyzed by pipetting 1 ml into a scintillation vial and diluting with 10 ml of acetonitrile. 
The samples were then placed on a mechanical shaker for 15min. All of the samples appeared to fully dissolve in 
acetonitrile. A 1 ml aliquot was then pipetted into a sample vial for Gas Chromatography Mass Spectroscopy (GC-
MS) analysis. The analysis was performed on an Agilent 5975 GC-MS instrument. An HP-5 mass spectroscopy 
column (30m x 0.25 mm ID x 0.25 um film thickness) was used to separate the analytes of interest. A 1 microliter 
injection was performed using an automatic liquid sampler. The injection port was held at 280°C and a splitless 
injection was performed. The oven was initially held at 70°C for 2 min and then ramped at 20°C/min to 300°C and 
held for 10 min. The mass spectrometer was operated in scan mode (35-1000 amu). 
 
 
4. RESULTS AND DISCUSSION 
 
4.1 Dimensional and weight changes  
Table 2 shows the change in weight of the tensile bars, with respect to as molded values at the end of the 30 day 
exposure period at two different temperatures. The change is less than 3% for most of the conditions tested which 
indicates that the test bars are stable and have not swelled due to absorption of the challenge chemicals. Table 3 
shows dimensional changes in cross-sectional area of the tensile bars, with respect to as molded values at the end of 




C are reported. All values are within 10 
percent of the original, again indicating that the chemicals do not influence the polymer significantly. These results 
show the dimensional stability of thermoplastics at high temperatures and validate their use in parts that do not 
require extremely tight tolerances.  
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4.2 Mechanical properties 
Samples exposed to different refrigerants and lubricants were tested for mechanical properties at the end of the 30 
day exposure period. Figures 2, 3, 4 and 5 show the tensile strength and modulus data comparisons along with 
comparative photos of the bars depicting color shifts after exposure. Bars on the top row represent the resins before 
exposure and those on the bottom row in the pictures represent the samples after exposure. Test conditions shown 
are summarized below: 





 Figure 3A, B - Exposure to 10cSt and 32cSt POE oils at 127
o
C 
 Figure 4A, B - Exposure to R-134A and R-410A at 60
o
C 




PEI1, PEI2 and PEI3 resins show an increase in both strength and modulus upon heat aging in an inert nitrogen 
atmosphere, possibly due to a combination of the effects of physical aging and annealing. PEI4 and PPA samples are 
relatively unaffected at 60
o
C, but show significant worsening of properties at 127
o
C. The PA4,6 samples perform 
poorly at both temperatures. Figure 2B compares bars before (top row) and after (bottom row) exposure. The poor 
performers also show a big color shift, especially at 127
o
C, indicating potential degradation of the polymer. 
 










































































C) -6.25% -6.25% -6.25% -6.25% -6.25% 0.00% 
R-134A (60
o
C) -6.25% -6.25% -6.25% -6.25% 0.00% -6.25% 
R-134A+32cSt (127
o
C) -6.25% -5.88% -6.25% -6.25% -6.25% -6.25% 
R-410A+10cSt,(127
o
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The performance of the six resins to the refrigerants and lubricants is summarized in Table 4 below. The symbol ‘’ 
indicates that the resin did not show significant change or drop in tensile strength or modulus upon exposure, ‘/’ 
indicates that the performance was border-line and ‘x’ indicates that properties dropped significantly. Figure 3A 
shows that the tensile strength and modulus changes for PEI1, PEI2, and PEI3 resins exposed to lubricants at 127
o
C 
are for the most part similar to those exposed to nitrogen (no significant interaction). However PEI2 is slightly more 
sensitive to attack by 10cSt POE oil. PEI4 resin is also not compatible with this lubricant and shows a sharp decline 
in strength and modulus. The 32cSt POE oil appears to be more compatible than the 10cSt oil since it does not have 
much of an influence on the tensile properties of all six resins. Once again, discoloration is seen in the bars that lose 
the most properties (Figure 3B, comparison of bars before exposure in the top row and after exposure in the bottom 
row). Refrigerants R-134A and R-410A also do not negatively influence properties of the three amorphous PEI1, 
PEI2, and PEI3 resins as seen in Figure 4A. Interestingly R-134A attacks both PEI4 and PA4,6 since the drop in 
strength and modulus is higher than when exposed to nitrogen only.  
 
Mixtures of refrigerants and lubricants can be complex systems, especially at high temperatures and pressures. It is 
hard to accurately explain mechanisms governing interactions between polymers and chemicals since the final effect 
on properties is a combination of physical aging, plasticization, anti-plasticization and in the case of semi-crystalline 
polymers, difference between glass transition and exposure temperatures. Supporting data like molecular weight 
changes, DSC curves would be necessary to deduce actual mechanisms. For the current purpose of screening 
polymer systems however, qualitative comparative analysis is sufficient. Figure 5A indicates that the amorphous 
resins are again most compatible with the mixed systems. Among the semi-crystalline resins, PPA shows the best 
performance. In summary, amorphous polyetherimide resins are more resistant to chemical attack by the two 
refrigerants and lubricants tested. Among the semi-crystalline resins tested, polyphthalamides would be preferred 
over high temperature nylons. 
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Figure 4A. Changes in tensile properties on exposure to R-134A and R-410A at 60
o
C 
10cSt POE exposure, 127
o
C 32cSt POE exposure, 127
o
C 



































10cSt POE oil at 127degC



























































10cSt POE oil at 127degC













































































Figure 5B. Visual changes in tensile bars on exposure to refrigerant and lubricant mixtures at 127
o
C 
R-134A + 32cSt, 127
o
C R-410A + 10cSt, 127
o
C 
PEI2 PEI4 PEI3 PEI1
 
  
PPA PA4,6 PEI2 PEI4 PEI3 PEI1 PPA PA4,6 
R-134A Exposure, 60
o
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4.3 Leaching tests 
One of the potential concerns of compressor manufacturers is the possibility that low molecular weight species may 
leach out of the plastics when exposed to the harsh environment in the compressor. These could include monomers, 
stabilizers like antioxidants, release agents, etc. which could circulate through the system and potentially choke 
capillary tubes and expansion valves leading to down time and inefficiencies. To address this concern, the lubricant 
samples were analyzed for organic compounds and polymers for less than or equal to 10ppm using gas 
chromatographic and mass spectrometry techniques as described in the experimental section. No low molecular 
weight species (stabilizers, monomers) were observed at the detection limit of 10ppm. 
 
 
5. CONCLUSIONS AND FUTURE EFFORTS 
 
The results of chemical compatibility testing of high performance thermoplastics to common refrigerants and 
lubricants under conditions of high temperature, pressure and extended exposure time have been presented in this 
paper. A combination of multiple techniques including mechanical property testing, color shift and leaching studies 
have been used to demonstrate the advantage of using unfilled polyetherimide resins versus high temperature 
polyamides and polyphthalamides. Future chemical resistance studies will build on the data presented in this paper 
by testing glass-filled versions of the most promising grades. The challenge chemicals will be expanded to include 
lubricants like polyvinylethers and alkylbenzene, newer refrigerants like R600A and R1234yf and temperatures will 





ABS Acrylonitrile butadiene styrene   PMMA Poly (methyl methacrylate)  
LCP Liquid crystal polymer    POE  Polyolester 
PA6/66/12 Polyamide 6/66/12     POM Polyoxymethylene 
PAI Polyamide-imide     PP Polypropylene 
PBI Polybenzimidazole    PPA Polyphthalamide 
PBT Polybutylene terephthalate    PPO Poly(phenylene oxide) 
PC Polycarbonate     PPSU Polyphenylsulfone 
PEEK Polyether ether ketone    PS Polystyrene 
PEI  Polyetherimide     PSU Polysulfone 
PET Polyethylene terephthalate    PVC Polyvinyl chloride 
PESU Polyethersulfone     SAN Styrene acrylonitrile 
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